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LONG-TERM  GOALS 

The  goal  of  this  project  is  to  improve  guidance  for  the  prediction  of  waves  and  intensity  associated 
with  tropical  cyclones. 

OBJECTIVES 

The  objectives  of  this  project  are  to  develop,  test  and  evaluate  new  strategies  to  predict  (a)  tropical 
cyclone  generated  waves  and  (b)  tropical  cyclone  intensity  as  measured  by  one -minute  mean  maxi¬ 
mum  sustained  wind  speed. 

APPROACH 

Develop  a  method  to  forecast  waves  that  are  consistent  with  tropical  cyclone  wamings/advisories  from 
the  Joint  Typhoon  Warning  Center  (JTWC)  and  the  National  Hurricane  Center  (NHC).  This  involves 
obtaining  the  current  forecast  from  the  operational  centers,  and  generating  a  tropical  cyclone  surface 
wind  circulation  for  each  forecast  time  in  the  forecast.  These  analyses  are  then  inserted  into  a  back¬ 
ground  NWP  model  surface  wind  field  and  used  as  input  to  WAVEWATCH  III  (Tolman  et  al.  2002). 
Existing  tropical  cyclone  circulations  in  the  NWP  model  forecast  fields  also  should  be  removed  prior 
to  inserting  the  vortex  generated  from  the  operational  center  forecast.  Results  will  be  evaluated  against 
available  buoys  or  other  observations.  The  wave  forecast  algorithm  must  be  designed  to  operate  with¬ 
in  the  constraints  of  the  Fleet  Numerical  Meteorology  and  Oceanography  Center  (FNMOC)  infrastruc¬ 
ture  and  must  be  efficient  in  that  the  products  can  be  made  available  to  users  within  six  hours  of  the 
waming/advisory  dissemination.  Paul  Wittmann  (FNMOC)  and  Hendrik  Tolman  (National  Centers  for 
Environmental  Prediction)  will  serve  as  technical  consultants  on  WAVEWATCH  III  and  assist  in 
evaluation  of  results. 

Improve  intensity  forecasts  from  the  Statistical  Typhoon  Intensity  Prediction  System  (STIPS)  and  oth¬ 
er  forecast  models.  This  task  involves  experimenting  with  new  formulations  of  STIPS  and  designing 
multi-model  ensemble  aids  that  include  promising  results  from  the  STIPS  and  other  techniques.  The 
results  of  the  experiments  will  be  published  and  improvements  to  multi-model  ensemble  aids  will  be 
transitioned  to  operations  through  the  Automated  Tropical  Cyclone  Forecast  System  (ATCF;  Sampson 
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and  Schrader  2000).  John  Knaff  and  Mark  DeMaria  (NOAA)  will  provide  technical  expertise  on 
STIPS,  James  Franklin  (NOAA)  will  provide  expertise  on  NHC  operations,  and  Gustavo  Goni 
(NOAA)  will  provide  an  ocean  heat  content  product  for  STIPS  development. 

WORK  COMPLETED 

1.  Wave  forecast  algorithm 

In  collaboration  with  Paul  Wittmann  (FNMOC)  and  Hendrik  Tolman  (National  Centers  for  Environ¬ 
mental  Prediction),  we  completed  the  prototype  version  of  WAVEWATCH  III  (Tolman  et  al.  2002), 
which  uses  tropical  cyclone  warnings  from  the  Joint  Typhoon  Warning  Center  (JTWC)  as  input  (he¬ 
reafter  named  JTWC/WW3).  The  emphasis  was  on  developing  an  algorithm  to  generate  a  realistic 
cyclonic  vortex  and  merge  it  with  background  fields  provided  by  a  numerical  weather  prediction 
(NWP)  model  with  its  vortex  removed.  The  JTWC/WW3  algorithm  has  been  executed  in  real-time  for 
the  entire  2008  and  2009  seasons  and  has  been  used  on  occasion  by  various  Navy  and  National  Weath¬ 
er  Service  forecasters.  The  Naval  Maritime  Forecast  Center  (NMFC)  has  perfonned  a  short  evaluation 
with  the  conclusion  that  JTWC/WW3  should  be  transitioned  to  operations  at  FNMOC.  A  manuscript 
describing  this  technique  has  been  written  and  is  being  submitted  for  publication. 

2.  Intensity  forecast  algorithm 

In  FY09,  we  evaluated  two  upgraded  intensity  consensus  aids  (originally  explored  and  published  with¬ 
in  this  project  (Sampson  et  al.  2008)  that  are  now  used  in  operations  at  NHC.  An  application  of  ocean 
heat  content  fields  to  intensity  forecast  guidance  has  been  evaluated  and  published.  Finally,  three  in¬ 
tensity  aids  developed  for  the  Southern  Hemisphere  have  been  documented  and  published. 

RESULTS 

1.  Wa  vc  forecast  algorithm 

Funding  of  this  project  resulted  from  issues  related  to  a  sortie  from  Yokosuka,  Japan  during  2006, 
which  in  hindsight  was  detennined  to  be  unnecessary  since  the  forecasted  12-ft  seas  never  arrived  on 
the  coast  near  Tokyo.  Figure  la  shows  a  72-h  NOGAPS '-driven  WAVEWATCH  III  (NO- 
GAPS/WW3)  forecast  from  September  19,  2006  at  12  UTC  available  with  the  JTWC  forecast  from 
September  19  at  18  UTC.  This  chart  was  used  in  the  Yokosuka  sortie  decision.  The  12-ft  seas  en¬ 
croached  on  Tokyo  Bay  by  the  84-h  forecast  and  ships  were  sortied  to  give  them  time  to  steam  far 
enough  southwest  to  avoid  the  approaching  high  seas  associated  with  Typhoon  Yagi. 

Detailed  analysis  of  the  Yagi  sortie  indicated  that  the  JTWC/WW3  forecast  delayed  the  onset  of  high 
seas  near  the  Japanese  coast,  and  if  available  at  the  time,  could  have  provided  an  alternate  scenario 
where  the  high  seas  did  not  impact  the  coast.  However,  it  should  be  emphasized  that  the  NOGAPS 


1  NOGAPS  is  the  Navy  Operational  Global  Atmospheric  Prediction  System  developed  at  NRL  and  run  operationally  at 
FNMOC. 
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model  track  forecast  in  this  case  was  approximately  as  skillful  as  the  official  forecast  and  that  verifica¬ 
tion  of  forecasts  between  September  19  and  September  23  (not  depicted  here)  showed  the  algorithms 
to  perform  about  the  same.  In  summary,  the  authors  believe  that  the  JTWC/WW3  was  probably  right, 
but  for  the  wrong  reasons. 

The  same  conclusion  cannot  be  reached  for  Cyclone  Nargis  in  the  Northern  Indian  Ocean  in  2008. 
Nargis  has  a  two-day  period  when  the  NOGAPS  and  JTWC  forecasts  are  quite  different.  For  example, 
the  April  29,  12  UTC  72-h  forecast  valid  12  UTC  May  2,  2008  for  each  algorithm  and  a  verifying 
analysis  (hindcast)  are  shown  if  Figure  2.  The  NOGAPS/WW3  72-h  forecast  shows  the  high  seas  in 
the  Northern  Bay  of  Bengal  while  the  JTWC/WW3  72-h  forecast  shows  the  high  seas  impacting 
Southern  Myanmar.  The  JTWC/WW3  hindcast  (Fig.  2  c)  indicates  that  its  typhoon  position  was  far 
more  accurate  than  NOGAPS/WW3. 
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Figure  1.  (a)  NOGAPS/WW384-h  forecast  (b)  JTWC/WW3  84-h forecast  and  (c)  JTWC/WW3 
analysis  of  Yagi  valid  Sep  23  2006  00  UTC.  12-ft  seas  are  light  green  shade  and  white  contour  out¬ 
lines  12-ft  seas  in  (b)  and  (c).  Sortie  route  (black  line  headed  SW),  JTWC  analyzed  and  forecast 

track  are  also  shown  on  (a). 
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Figure  2.  (a)  N0GAPS/WW3  72-h forecast  (b)  JTWC/WW3  72-h  forecast  and  (c)  JTWC/WW3  veri¬ 
fying  analysis  (hindcast)  of  significant  wave  height  for  Nargis  valid  12  UTC  May  12008.  12-ft  seas 
contour  is  shown  as  first  blue  shade  in  (a)  and  as  white  contour  in  (b)  and  (c). 
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Significant  Wave  Height  in  ft  (GLOBAL  WW3)  1 20  hr  test  valid  2009091 91 2 
Significant  Wave  Height  in  ft  (WP  JTWC/WW3)  1 20  hr  fest  valid  2009091 91 2 


Significant  Wave  Height  in  ft  (WP  JTWC/WW3)  analysis  valid  2009091912 


Figure  3.  (a)  NOGAPS/WW3  (shaded)  and  JTWC/WW3  (contoured)  120-h  forecasts  for  Choi-Wan 
and  (b)  JTWC/WW3  analysis  verifying  12  UTC  Sep  19,  2009. 


6 


A  similar  scenario  for  Typhoon  Choi-Wan  during  2009  in  the  Western  Pacific  is  shown  in  Figure  3. 

The  NOGAPS  tropical  cyclone  120-h  track  forecast  for  Choi-Wan  on  September  15,  2009  was  far 
northeast  of  the  JTWC  track  forecast.  As  a  result,  the  area  of  12-ft  seas  was  displaced  northeast  of  the 
JTWC  forecast  (Fig.  3a).  As  in  the  case  of  Nargis,  the  JTWC/WW3  forecast  is  closer  to  the  verifying 
analysis  than  the  NOGAPS/WW3. 

Finally,  it  should  be  noted  that  although  the  JTWC  tropical  cyclone  track  forecasts  are  generally 
slightly  better  than  the  NOGAPS  forecasts,  there  will  certainly  be  a  large  minority  of  cases  in  which 
the  NOGAPS  track  forecasts  are  better  than  JTWC’s.  The  JTWC/WW3  wave  height  field  also  tends  to 
contain  more  extreme  waves  near  the  center  of  the  stonn  and  a  smaller  radius  of  12-ft  seas  than  NO- 
GAPS/WW3.  The  authors  attribute  this  to  lower  intensities  and  larger  wind  radii  of  the  vortex  as  it  is 
represented  in  the  NOGAPS  model. 

2.  Intensity  forecast  algorithm. 

Last  year  we  studied  and  implemented  a  consensus  (average)  of  the  most  skillful  models  at  the  NHC. 
At  the  same  time,  the  associated  paper  for  this  work  was  published  in  Weather  and  Forecasting.  For 
the  2008  season,  the  intensity  consensus  at  NHC  outperformed  all  the  member  models  and  even  the 
official  forecast  (Fig.  4). 
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Figure  4.  Skill  vs  statistical  baseline  for  four  top-performing  intensity  aids  (in  the  legend, 
HWFI=H-WRF,  GHMI=GFDL,  DSHP=SHIPS,  L GEM=Logistic  Regression  Model)  and  two  con¬ 
sensus  aids  (ICON=avg  of  intensity  aid  forecasts,  IVCN=ICON  aids  +Navy  GFDL  model). 
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In  2008  we  improved  the  western  North  Pacific  basin  consensus  by  including  ocean  heat  content  as  a 
predictor  in  some  of  the  consensus  members.  Results  from  tests  on  independent  data  indicated  a  mod¬ 
est  1-3%  improvement  in  mean  forecast  error  performance.  The  ocean  heat  content  work  was  pub¬ 
lished  in  a  journal  and  the  aid  was  subsequently  implemented  at  JTWC. 

Three  intensity  forecast  aids  for  the  Southern  Hemisphere  have  been  developed,  evaluated  and  pub¬ 
lished.  The  first  (ST5D;  Knaff  and  Sampson  2009a)  is  a  statistical  intensity  forecast  based  only  on 
best  track  information.  This  model  serves  as  a  skill  baseline  for  other  more  complex  models.  The 
second  forecast  aid  (STIPS;  Knaff  and  Sampson  2009b)  is  a  statistical-dynamical  model,  which  uses 
best  track  information  and  NWP  model  data  as  input.  In  independent  tests,  this  model  demonstrates 
skill  out  to  48  h.  The  final  forecast  aid  (ST  1 1 ;  Sampson  and  Knaff  2009c)  is  a  consensus  that  includes 
STIPS  ensemble  members  and  GFDN.  In  evaluation  with  independent  data,  an  ensemble  of  STIPS 
forecasts  generally  outperforms  the  individual  members  at  48  h.  Addition  of  the  GFDN  member  to  the 
STIPS  ensemble  results  in  small  but  significant  reductions  in  the  mean  forecast  error  at  24  and  48  h, 
but  not  at  72  h.  Addition  of  more  aids  to  the  consensus  yields  mixed  results. 

IMPACT/APPLICATIONS 

The  WAVEWATCH  III  work  is  intended  to  be  a  forecast  aid  for  ship  routing  and  shore  sites  with  as¬ 
sets  affected  by  high  seas.  The  output  is  consistent  with  the  operational  tropical  cyclone  forecast, 
which  can  be  much  different  than  that  of  an  individual  NWP  model.  The  concept  has  received  interest 
and  encouragement  from  Navy  personnel  and  NOAA/NWS  personnel.  This  season’s  forecasts,  includ¬ 
ing  currently  active  storms,  can  be  found  at 

http://www.nrlmry.navy.mil/atcf_web/wavewatch/page/web/tcww3.php 

The  intensity  consensus  aids  produce  deterministic  forecasts  that  are  intended  for  use  at  the  Joint  Ty¬ 
phoon  Warning  Center  and  the  National  Hurricane  Center.  Intended  uses  are  for  operational  guidance 
and  as  baselines  to  evaluate  the  skill  (in  terms  of  mean  forecast  error)  of  other  more  complex  ensemble 
techniques. 

TRANSITIONS 

The  WAVEWATCH  III  work  transitioned  to  a  6.4  project  managed  by  PMW-120:  “Objective  Proba¬ 
bilistic  Aid  for  TC  Sortie  Decisions”.  The  intensity  consensus  aids  transitioned  directly  to  the  Joint 
Typhoon  Warning  Center  and  NOAA’s  National  Hurricane  Center  through  the  ATCF.  Both  centers 
are  using  the  aids  in  operations  (as  guidance)  and  as  baselines  for  evaluating  forecasts  and  other  objec¬ 
tive  guidance. 
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